Computational studies show the generation of large coexisting metallic and insulating clusters with equal electronic density in models for manganites. The clusters are induced by disorder on exchange and hopping amplitudes near first-order transitions of the nondisordered strongly coupled system. The random-field Ising model is used to explain the qualitative aspects of our results. Percolative characteristics are natural in this context.
Recently, important new experimental information about the microscopic properties of manganites has been reported. Using electronic diffraction and transport techniques, Uehara et al. have investigated the effect of Pr-doping upon the metallic ferromagnetic compound La 5/8 Ca 3/8 MnO 3 (3) . As the Pr density (y) increases by the replacement La→Pr, the system changes at y∼0.35 to an insulating CO-state. At low temperature in this regime the unexpected coexistence of giant clusters of FM and CO phases was observed (3) . Similar results were reported by Fäth et al. using scanning tunneling spectroscopy applied to La 0.7 Ca 0.3 MnO 3 (4) . At temperatures close to the Curie temperature, thinfilm spectroscopic images revealed a complicated pattern of interpenetrating giant metallic and insulating phases. The clusters found in both these experiments were as large as 0.1 µm=1000Å∼250a, with a∼4Å the Mn-Mn distance (3, 4) . The metal-insulator FM-CO transition occurs through a percolative process among the clusters, as a function of either temperature or magnetic field. These results rule out the picture of homogeneously distributed small polarons to describe doped manganites in the CMR regime.
The discovery of huge coexisting FM-CO clusters in a manganite single-crystal is puzzling. The only theoretical framework which in principle could be used to address this issue is the phase separation (PS) scenario where mixed-phase characteristics, involving phases with different electronic densities, are natural (5) . The PS ideas are indeed successful in describing manganites at, e.g., small hole density, where nanometer size inhomogeneities have been widely discussed (5) , and at high densities x∼1 based on recent magnetic and transport data (6) . However, the micrometer clusters at intermediate densities found in Refs. (3, 4) appear to require an alternative explanation since the energy cost of charged µm-size domains would be too large to keep the structure stable. Actually, explicit numerical calculations in one dimensional (1D) models have shown that the large clusters in PS regimes break down into smaller pieces of a few lattice spacings in size upon the introduction of a nearest-neighbor charge repulsion (7) . In addition, this repulsion tends to arrange the charge in an ordered pattern (7) -charge-density-waves or stripes-contrary to the random location and shape of the clusters observed experimentally (3, 4) . A novel framework involving large clusters with equal-density phases is needed to rationalize the results of Refs. (3, 4) .
In the absence of theoretical proposals to explain the giant FM-CO clusters it is necessary to reconsider some of the properties of the models studied thus far. Of particular relevance is the assumption of translationally invariant interactions, which is at odds with the chaotic looking appearance of microclusters in experiments (3, 4) . For this reason, here we report a computational study of manganite models which combines (i) strong coupling interactions, necessary to reproduce the rich variety of ordered phases of these materials, and (ii) quenched disorder. The latter is caused by the random chemical replacement of ions, such as La and Pr, with different ionic sizes. This replacement affects the hopping amplitudes of e g -electrons due to the buckling of the Mn-O-Mn bonds near Pr (8) . Recent calculations showed that the concomitant modification of the exchange coupling J AF among the t 2g -spins is likely equally important in establishing the properties of manganite models (2) . Thus, by considering randomly chosen hopping and exchange couplings fluctuating about the non-disordered values of interest, the physics of doped manganites will be more properly captured. Following this procedure, here we report the natural appearance of coexisting giant clusters of equal-density FM and AF phases in realistic models. The conclusions are general and similar cluster formation is expected for a variety of compounds.
To present our main results first consider the two-orbital model, described extensively in previous work (5, 9) . It contains (i) an electronic hopping term, regulated by amplitudes t α ab , with a,b=1,2 labeling the d x 2 −y 2 and d 3z 2 −r 2 orbitals, α=x,y,z being the axes directions, and t x 11 =t the energy scale, (ii) a strong FM coupling between the localized t 2g -and mobile e g -fermions, regulated by J H , (iii) a direct antiferromagnetic (AF) exchange among the localized spins with strength J AF , and (iv) an electron-phonon coupling between the Q 2 and Q 3 Jahn-Teller modes and the mobile electrons, with strength λ. The phase diagram of the non-disordered model was studied by standard MC simulations using classical localized spins and phonons (2, 9) . Similar results were obtained with mean-field approximations including Coulombic repulsions (2) . The generality and rationalization of the numerical data described below suggest that the main conclusions are actually independent of the detailed properties of the competing states. Whether the phases are generated by phononic, magnetic, or Coulombic interactions appears unimportant.
The focus of our studies will be on f irst-order transitions, which in the two-orbital model occur in several locations in parameter space in any dimension of interest (2, 5, 9) .
However, for the disorder-induced cluster formation described below it is more convenient to analyze 1D systems first since the two-orbital 2D lattices that can be studied computationally are not sufficiently large. Among the possible 1D first-order transitions, results are here reported for the transition occurring between FM and AF states at fixed x=0.5 and large λ, as a function of J AF /t. The AF phase studied has a four-spin unit cell ↑↑↓↓, and a concomitant peak in the spin structure factor S(q) at q=π/2 (2,10). The state is To further investigate the universality of the large cluster generation phenomenon, note that the non-disordered one-orbital model has another prominent first-order transition corresponding to a discontinuity in the density n vs chemical potential µ, for a wide range of couplings (5) . The direct interpretation of such a result is the presence of PS between competing FM and AF states (5) . However, in the context emphasized here the focus shifts from the transition properties to the effect of disorder on the n discontinuity itself.
Disorder is here naturally introduced as a site-dependent chemical potential of the form i φ i n i , where φ i is randomly selected in the interval [- only limited by the size of the systems that can be studied computationally. Here it was also observed that the mixed-phase ground state leads to a pseudogap in the T∼0 density of states (Fig.2C) , as it occurs in non-disordered models at finite temperatures in particular regions of parameter space (12) . An analogous pseudogap was also observed working with the two-orbital model. Similar results as in Figs. 2A-C were also found in two dimensions (2D) (see, e.g., Fig.2D ) and thus the large cluster formation certainly does not depend on pathological properties of 1D systems. Note that in the particular example studied in Figs is proportional to the domain wall area, with d the spatial dimension. To stabilize the bubble it is necessary to induce an energy compensation originated in the (t, J AF ) disorder.
Consider the average hopping inside the bubble using S R = l t l , where l labels bonds and t l is the hopping deviation at bond l from its non-disordered value, the latter of which is fixed at the critical coupling of the first-order transition of the non-disordered model. Although the random hopping deviations mostly cancel inside the bubble, important fluctuations must be considered. In particular, the standard deviation of S R is σ illustrates the influence of an external field -H ext i S i added to the Hamiltonian. As H ext grows the region most affected by the field is the surface of the spin down domains, which are transformed into spin up. This tends to suppress the narrowest regions of the spin down clusters, as highlighted with arrows in Fig.3D , providing a field-induced connection among spin up regions that otherwise would be disconnected. Then, intuitively, as H ext increases a percolative transition is to be expected. Based on the RFIM-manganite analogy, the picture described here predicts a similar percolative transition involving metallic and insulating clusters as chemical compositions, temperatures, or magnetic fields are varied near first-order transitions, as observed experimentally (3, 4) . Giant cluster generation by weak disorder in manganite models and in the RFIM appear related phenomena. However, at this early stage in the calculations it is difficult to predict critical exponents for the metal-insulator transition. Even for simpler spin systems such as diluted anisotropic antiferromagnets there is still no full agreement between RFIM theory and experiments (13) . In addition, the manganite critical dimension may be affected by the 1D character of the zig-zag chains that form the planar CE-state (15) , and critical slowing down as in the RFIM can produce rounding effects that make a comparison between scaling theory and manganite experiments difficult.
The ideas described here are not limited to particular manganite compounds but they apply to other materials where a transition with first-order characteristics occurs, either by varying temperatures in compounds with some source of disorder, or by explicit chemical substitution which leads to quenched fluctuations in the hopping and exchange amplitudes. (E) are the MC averaged nearest-neighbor t 2g -spin correlations vs position for one distribution of random hoppings and t 2g exchanges such that J AF /t is now distributed between 0.14-δ and 0.14+δ, with δ=0.01; (F) Same as (E) but with δ=0.03. 
